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© Surface and Bulk Modification of plasticized materials. 

© A surface-modified or bulk-modified plasticized PVC or other plastics material with soil-resistant properties to 
make the material suitable for use inter alia as a prosthetic glove material. Preferably the plasticized material has 
a substantive layer of a silane bonded onto a surface thereof to give a soil-resistant coating to that surface. 
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Surfacg and Bulk Modification f Plasticized Materials 



This invention relates to surface and bulk modified plasticized material with soil-resistant properties to 
make the material suitable for use inter alia as a prosthetic glove material properties to 

this Sr^tleS/nJZi™ J"" P l° P ' aStiSOlS bV C3Stin9 int0 a female ™" d and lowing 
, nl^l f 9 98 " at,0n and CUrin9 ' Such 9 ,oves suffer from a n^ber of deficiencies 

5 particularly poor resistance to soiling. Thus, the gloves readily take up ballpoint pen ink newSrt and 
oeog.nous contamination permanently, thereby giving them an unsightly apiarance^ ^ embar- 
rassment to the wearer who is already severely conscious of his or her handicap 

hnnw nr rd ' n K !° ^ fr0m ° ne ° f itS aspects - ,he *«» defidency is substantially overcome bv 

In the course of research on the surface treatment of PVC plastisols it was found that th« treat™** 
plasticized PVC surfaces with selected si.anes gave rise to surfaces X 

conferred the best soil resistance were 3-aminopropyl triethyoxysiiane [.] (Urdonl^ide A SSTjJt 
,s SSSP^Tf? . trimeth0 ^ si,ane t»l Carbide A1120. Dow Coming Z6u20) Cn plasti^ 

Seane^Lr £ ^ "TV" 3 " 68 * e resultin 9 surfaces could be soiled wim-ba ipS nS 

It was at first thought that "activation" of the -surface with dilute hydroxide solution to produce sites of 
5fl ~ °" W0U ' d ? n6CeSSa,y - H0WeVer ' *° USe of 1,25 laba,led ^ine morK^toL IndS^tS tht 

and noZheXT «" ?* PlaStiS °' S 3 SUffiCient level of * the surface^of the PVC 
and no further activa fagn^was necessary_other.than.heating-the glove.- 
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andSs iZ£j£S£? * *" "* * " VC PlaSt '' SOls * ™ d ">" - ™ plasticizers. 

^t!H e « th surface . f ener 9y of silicon es results in incompatibility when added directly to PVC-plasticizer 

The preparation of such plasticizers has been carried out using several routes as follows • 

1. Copo'ymensation of unsaturated plasticizers (maleates and fumarates) with vinyl silanes. 

2. Preparation of a s,lyl amino alkyl benzoate from alkyl hydrogen phthalate and A1100. [II 

3. Direct ammolysis of phthalic anhydride and its derivatives.. 

4. Preparation of silyl pyrrolidones from aminosilanes and itaconate esters 

i„ th^r eS V 0Ut ? S , 1 and 2 PrWed t0 be disa PP oi n«ng but routes 3 and 4 showed some encouragement 
wil TiSZfi T 3 * analVSiS *' ndiCates that direct amino, V sis ° f Pnthalate esters by am nSnes 

anhvdririn h phthalate ' but ,he rate of reaction is very slow. Aminolite o^ph Sc 

y am ' n0S " anes 10 produce namic acids" has also been investigated. The am ic acids P M 

E^ELTiT*? ? r t0 CUre t0 S0Hd materia ' S - Whe " inCOf P° rated into PVC pSsoK 
IntS? > T b " n ? ,he Sh8et dU6 10 the re,ease of alcoho1 - Alth O"gh these materials may notS 
entirely surtable as plasticizers, their ability to cure rapidly may make them suitable for use aT a surface 
coating on plasticized PVC in certain applications. 

The reaction between primary alkyl amines and itaconate esters (Route 4) to oroduce alkvl ovarii™ 
4-carboxylates (pyrrolidones) is known in the literature. Alkyl pyrrolidine 4-ca*oxy^^ 
plastidzing ability which is on a par with that of dialkyl phtSates. C^uTofTsTmSTaS 
pyrrolidine 4-carboxylate were produced by replacing the primary alkyl amine with S?aVi!oS?aIS 
SLlo J?"* f- OX °- 1 -t 3 - triethox y si| y , P r opyl]-Pyrrolidine.4^arboxylate [V] and n-butylSoxo ul S 
^TnS V Pr0P V) amin ° 3ethy,] P^olidine-4-carboxylate (VI] respectively. Both matSTowid ix- 
cenent plast.czmg properties and good compatibility with existing plasticizers. Soil retardancy teTte have 

tTfSiS^TT! PVC samples where 20% of *• standard plastici2er has "eZSl 

2 rn trill f 0t n Sh ° W S ° me SOi ' retardant properties - the sam P |e containing the n-butyl 2-ox™ - 
[2-[(3-tnmethoxys.lylpropyl)amino]ethyl] pyrrolidine-4-carboxylate [VI] giving the superior results 
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A side effect of using n-butyl 2<>xo-1-[2-t(3-trimethoxysilylpropyl)amino]ethyl]-pyrroIidine^-carboxylate 
[VI] as a co-plasticizer has appeared. During fabrication of PVC sheet, the PVC piastisol is cured in an oven 
at 180°C for 20 minutes. This has no adverse effects on the PVC but when a sample of the cur d product 
is kept at 70° C for 48 hours discolouration and cross-linking occurs. This has been traced to the secondary 
s amine present in the side chain of the platicizer abstracting HCI from the PVC molecules, degrading the 
PVC and forming n-butyl 2-oxo-1-[2-[(3-trimethoxysilylpropyl)amino]ethyl]pyrc^^^ hydro- 
chloride [VII]. 

The effect of the secondary amine has been neutralised by reacting it with suitable reagents to 
sequester the basic hydrogen which was causing the dehydrochlorination. Two modified forms were 

10 produced by reacting the free secondary amino group with reagents such as phenyl glycidyl ether [VIII] or 
3-glycidoxypropyl trimethoxysilane (Dow Corning Z6040) [IX], each containing an epoxy group to give n- 
buty I 2-OXO-1 -[2[(3-trimethoxysilylpropyl)-3 -(1 -[1 -trimethoxysilyl] propoxy-2-hydroxypropyl)] aminoethyl] 
pyrrolidine-4-carboxylate [X] and n-butyl 2-oxo-1-[2[(3-trimethoxysilylpropyl-3'(1iDhenoxy-2-hydroxypropyl)) 
aminoethyl]pyrrolidine-4-carboxylate [XI]. When either of the modified plasticizers is incorporated into a 

75 PVC piastisol, no degradation occurs when the sample is kept at 70° C for 48 hours, unlike the unmodified 
silyl pyrrolidine-4-carboxylates [V, VI], and both modified plasticizers exhibit good plasticization properties 
and moreover soil resistance in cured films. However, the plasticizer molecule is now less stable at the cure 
temperature of PVC plastisois and the cleavage of an alcohol species from the plasticizer can result in the 
formation of bubbles in the film. The reduction in the high temperature stability of the plasticizers, [X and 

20 XI] occurred in the presence of a commercial calcium/zinc soap PVC heat stabilizer added to the PVC. 
When the calcium/zinc soap was replaced with a commercial thiotin soap, the stability of the epoxy 
modified plasticizers was improved. 

A theoretical examination of the possible interactions between the two metal soaps and the epoxy 
modified silyl pyrrolidine-4-carboxylates [X, XI] gives no indication as to why the calcium/zinc soap 

25 destabilizes the plasticizer and the thiotin soap does not. An investigation into the method of preparation of 
the two commercial metal soap stabilizers indicates a large difference in the level of free acid present in the 
stabilizers, the level being very low in the case of the thiotin soap. From the literature it is known that the 
presence of either bases or acids can catalyse the cleavage of an alcohol from alkoxysiianes with the 
formation of silanols and therefore the level of free acid in the stabilizer is the most probable cause of the 

30 destabilization of the epoxy modified plasticizers [X, XI]. The free acid originates from the acid precursor 
used in making the stabilizer. To check this possibility, a sample of thiotin soap was treated with a very 
small amount of stearic acid before incorporation into a piastisol. Curing the piastisol resulted in a very 
badly bubbled sheet whereas the use of the pure thiotin gave no bubbling - thus confirming the literature 
findings. 

35 In the preparation of prosthetic gloves, however, it is undesirable to use a thiotin soap because of its 
strong unpleasant odour. A commercial, low-acid, calcium/zinc stabilizer was therefore obtained to check for. 
suitability. This gave the piastisol an improved stability at the cure temperature but still showed a tendency 
to bubble. As only a very low level of stabilizer is used in the preparation of the piastisol, in the order of 
1%, it may be possible to purify a standard calcium/zinc soap to remove the free acid or reduce it to an 

ao acceptable level for use with epoxy modified silyl pyrrolidine-4-carboxylate plasticizers [X, XI] 

On the whole, the most promising line of research has been in the surface treatment of plasticized PVC. 
This has shown that it is possible to bond a substantive layer of a silane on to the surface of plasticized 
PVC, with the integrity of the layer being unaffected by repeated cleansing. Based on the enhanced 
cleanliness of the gloves their life expectancy may be significantly increased. 

45 The invention has been described above with particular reference to prosthetic gloves. It is to be 
understood, however, that it can be applied equally well to other prosthetic apparatus and to articles remote 
from that field of application. Further, it is applicable to materials other than plasticized PVC. Indeed, the 
invention is broadly concerned with the production of soil retardent surfaces on natural and synthetic high 
polymeric materials such as plastics, elastomers, or coatings thereof, and on fibres and fabrics which are 

so exposed to environments contaminated by dust, dirt and unwanted extraneous matter. For example, the 
invention includes within Its scope the surface improvement of vinyl coated wallpapers, flooring, headlinings 
and upholstery as well as prosthetic devices or appliances. This, in turn, leads to reduced frictional 
characteristics which may be of value during the insertion of catheters and like devices. See in this light, the 
aim of the invention can be stated to be the conversion of medium to high energy surfaces such as PVC to 

55 lower values of surface energy in order to reduce the tendency of soiling matter (which usually has a fairly 
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high value of surface energy) to adhere. To achieve this aim, the surface of the PVC is modified with a 
chemical treatment which lowers the energy of the surface, such as with a suitable silicone or by the 
addition of a suitable silicone additive or silicone containing material which may act as a plasticizer to the 
bulk of the PVC. 

5 A suitable class of silicone for surface treatment, or as a precursor for the synthesis of silicone 
plasticizers, has the formula : 
FT -[RT - Si R'3 

wherein R' is a monovalent hydrocarbonoxy such as methoxy, ethoxy, propoxy, isopropoxy, alkoxy-alkoxy 
-0(CH2) n -0-(CH 2 )mH where n and m are integers and range from 1 to 3, or acetoxy; R" is vinyl, or mono, di 
10 or tri methylene, or aminopropyl; and R~ is zero or H or aminoethyl or glycidoxy. 

Preferred compounds are vinyl tris (2 methoxy ethoxy si lane), N-2 amino-ethyl-3-amino propyl 
trimethoxy silane [II] and g amma gl ycidoxy propyl trimethoxy silanes [IX]. 



75 



For the production of novel silicone plasticizers or additives which confer soil retardant properties to the 
bulk of the polymer, use is made of an ester of an unsaturated acid of the general formula 

C0-0R» 
I 

fa 

20 C-COOR 

II 



25 wherein R and R' are groups chosen from methyl, ethyl, propyl, butyl, octyl or phenyl, to form a novel 
compound with a silane containing a primary or secondary amino group, where the product contains a 
secondary amino group, it may be advantageous to react that group with an epoxy functional compound. 

The invention is illustrated by the following specific examples. Example 1 describes a standard test to 
characterise the susceptibility to staining. In the absence of the treatments described in the following 

30 examples, the test material, PVC, strongly absorbed the marking ink which showed signs of penetrating the 
sheet and drffising rapidly. 



Example 1 

35 

Alcoholic solutions of 3 amino propyl triethoxy silane [I] ranging from 1-10% w/w were made. Into these 
solutions were dipped plasticized PVC sheets. The sheets were withdrawn after 10 minutes and allowed to 
dry and were then submitted to a standard soiling test in order to evaluate the level of stain resistance. The 
soiling test comprised marking the PVC with a black ballpoint pen and allowing the ink mark to remain for a 
40 period of 1 hour. The stained area was then wiped with an alcohol impregnated swab and examined for 
residual staining. If none was present, the PVC was marked again in the same area as before with the black 
pen. The protocol was repeated until the ink mark could not be removed by swabbing. If the number of 
repeats exceeded 20, the PVC was said to be soil resistant. 

45 

Example 2 

Solutions ranging from 1-10% w/w in alcohol of N-2 aminoethyl-3 aminopropyl-trimethoxy silane [II] 
were prepared, and into these were dipped PVC plasticized sheets. These were withdrawn after 1 minute 
50 and dried. After 3 days they were marked as In Example 1. The soiling and cleansing process could be 
repeated in excess of 20 times without loss of film integrity or stain resistance. 



55 



4 



0 256 643 



Example 3 

A number of plasticized PVC sheets were heat treated by placing them in an oven at 180° C for 2 
minutes. On cooling, the sheets were dipped Into alcoholic solutions of 3-aminopropyl-triethoxy silane [I] 
5 with concentrations ranging from 1-10% w/w as in Example 1. The sheets were withdrawn from the 
solutions and allowed to cure before applying the soiling/cleaning protocol described in .Example 1. The 
sheets successfully passed the test. 



to Example 4 

• PVC prosthetic gloves were heat treated as in Example 3. Solutions of N-2-aminoethyl-3-amino-propyl- 
trimethoxy silane [II] in alcohol ranging from 1-10% w/w were prepared and the heat-treated gloves were 
then swabbed with these solutions. After 3 days the soiling/cleansing procedure was applied as in Example 
75 1 and could be repeated in excess of 20 times. 



Example 5 

20 A 5% w/w solution of N-2-aminoethyi-3-aminopropyl trimethoxy silane [II] in alcohol was made and a 
plasticized PVC glove was heat-treated at 180° C for 2 minutes. On cooling, the grove was swabbed with 
the solution with the aid of cotton wool. After curing, the glove was deliberately soiled as in Example 1. No 
staining occurred after repeated marking with black ink. 

25 

Example 6 

A plastisol was prepared from a vinyl chloride-vinyl acetate copolymer using the following formulation: 
Vestolit E 7091 (Huls) 100 pbw; di-octyl phthalate 100 pbw, Stanclere T483 1pbw. The formulation was cast 
30 and cured in the form of a sheet A solution in alcohol of 5% w/w 3-aminopropyl-triethoxy [I] silane was 
prepared. The copolymer sheet was immersed in the solution for 1 minute. The sheet was removed, 
allowed to dry and, after 3 days, the standard marking test was applied. The sheet successfully passed the 
test 

35 

Example 7 

A silicone functional additive serving as a co-plasticizer for PVC was made by reacting 0.5 mole di n- 
butyl itaconate with 0.5 mote of N 2-amino ethyl 3 amino propyl trimethoxy [II] silane at room temperature. 

40 The system was vacuum distilled to remove the butan-1-ol by product The product, n-butyl-2-oxo-1-[2-(3 
methoxy siiyl propyl) amino ethyl] pyrroiidine-4-carboxylate [VI] was a pale straw liquid. A PVC plastisol 
consisting of Breon 111 EP 100 pbw; di-octyl phthalate 80 pbw; n-butyl-2-oxc-1-[2-(3 methoxy silyl propyl) 
amino ethyl] pyrrolidine-4-carboxylate [VI] 20-pbw, Stanclere T483 1 pbw. The mixture was cast as a sheet, 
gelled and cured at 180 C for 26 minutes and easily passed the standard soiling test described in Example 

45 1. 



Example 8 

so An adduct of n-butyl-2-oxo-1-[2-(3-methoxysilyl propyl) aminoethyl]-pyrrolidine-4-carboxylate [VI] was 
prepared by reacting the pyrrolidine-4-carboxylate [VI] in equimolar proportions with phenyl glycidyl ether 
[VIII] at room temperature giving a yield in excess of 80%. A plastisol formlation using 15 pbw at the adduct 
[XI] was prepared as in Example 7. The PVC sheet thus prepared successfully passed the soiling/cleansing 
test given in Example 1. 

55 
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Example 9 

To the pyrroiidine-4-carboxylate [VI] (0.5 mole) described in Example 7 was slowly added 0.5 mole 3- 
glycidoxy-propyl timethoxy' silane [IX] at room temperature giving a yield of the adduct in excess of 90%. A 
5 plastisol formulation was prepared as in Example 7 but using only 15 pbw of the adduct [X]. After gelling 
and curing, the PVC sheet showed excellent soil retardant properties showing that the adduct conferred 
anti-soiling characteristics which were not lost on repeated marking and cleaning cycles. 



70 Example 10 

A PVC sheet was pre pared as in Example 9 using 10 pbw of the adduct [X]. After cure, the PVC sheet 

was allowed to cool before being dipped into a 5% w/w solution of N-2-aminoethyl-3-aminopropyl 
trimethoxy silane [III] in alcohol. On removal from the silane solution and subsequent curing of the film, the 

ts soiling/cleansing protocol was applied as in Example 1. The sheet easily passed the test. 



Appendix; Formulae 

20 I NH 2 (CH2) 3 Si(OC2H5)3 

II NH2(CH2)3NH(CH2)2Si(OCH3)3 

III (C2H50) 3 Si(CH 2 )3NHCO.C6H4.COOH 

IV (CH 3 0)3Si(CH 2 )3NH(CH2)2NHCO.C6Hi.COOH 



V JcH^CHCCO.OC^gCCH^CO.N 1 (CH 2 ) 3 Si(OC 2 H 5 ) 3 



VI ! CH 2 CH(C0.0C 4 H g )CH 2 .C0.N' ( CH 2 ) 3 NH ( CH 2 ) 2 S i ( 0CH 3 ) 3 

VII l CH 2 .CH(C0.0C 4 H g )CH 2 .C0.N 1 (CH 2 ) 3 NH(CH 2 ) 2 Si (0CH 3 ) 3 .HC1 



VIII 'CH^CH.O 1 .OCH 2 O.C 6 H 5 ■ 

IX 'CH^CH.O 1 .0(CH 2 ) 3 Si(0CH 3 ) 3 

X l CH 2 .CH(C0.0C 4 H g (CH 2 .C) .N 1 (CHg) 3 N(CH 2 ) 2 Si(0CH 3 ) 3 

CH ( CHOH ). O (CH 2 ) 3 Si ( 0CH 3 ) g 

XI 1 CH 2 . CH ( CO . 0C 4 H g ) CH 2 . CO . N 1 (CH 2 ) 3 N(CH 2 ) 2 Si(0CH 3 ) 3 

[CH 2 .(CHOH) .0C 6 H 5 ] 

Claims 

1 . A method of surface treatment of plastics material, characterised in that the treatment is effected with 
at least one compound of the general formula : 
FT -[FT] - Si R' 3 
wherein 
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R' is a monovalent hydrocarbonoxy such as methoxy, ethoxy, propoxy, isopropoxy, alkoxy-alkoxy -0(CH 2 ) n - 
0-(CH2) m H where n and m are integers and range from 1 to 3, or acetoxy; 
R" is vinyl, mono, di, or tri methylene, or aminopropyl; and 
R" is zero, H, aminoethyl or glycidoxy. 
5 2. A method according to claim 1, characterised in that the compound is vinyl tris (2-methoxy ethoxy- 
silane), N-2 aminoethyl-3-aminopropyl trimethoxy silane or a gamma glycidoxy-propyl-trimethoxy silane. 

3. A method of producing novel silicone-containing plasticizers which confer soil-retardant properties to 
the bulk of the polymer characterised by treating an ester of an unsaturated acid of the general formula : 

» CO-OR ' 

I 

CH 
I 

C-COOR 

rs || 

CH 

wherein 

R and R' are methyl, ethyl, propyl, butyl, octyl or phenyl, 
20 to form a novel compound with a silane containing an amino group. 

4. A method according to claim 3, characterised in that an alkyl pyrrolidine-4-carboxylate formed in the 
method is subsequently reacted with glycidyl ether containing molecules to confer anti-soiling characteris- 
tics. 

5. A plasticized material, especially for making into prosthetic gloves, characterised by a substantive 
25 layer of a silane bonded onto a surface thereof to give a soil-resistant coating to that surface. 

6. A plasticized material according to claim 5, characterised in that the silane is 3-aminopropyl 
triethyoxysilane. 

7. A plasticized material according to claim 5, characterised in that the silaneis 3-aminopropyl-2- 
aminoethyl trimethoxy-silane. 

30 8. A plasticized material according to claim 1 , characterised in that the plastics material is PVC. 
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© Surface and Bulk Modification of plastlcized materials. 

© A surface-modified or bulk-modified plasticized 
PVC or other plastics material with soil-resistant 
properties to make the material suitable for use inter 
alia as a prosthetic glove material. Preferablylhe 
plasticized material has a substantive layer of a 
si lane bonded onto a surface thereof to give a soil- 
resistant coating to that surface. 
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